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The diffusion of impurities in SiO2/Si structures has been analyzed by many lnvestigators

using the two-boundary diffusion model related with oxide urasking effects in planar technology.

However, very few have been reported on the actual- impurity concentration profil-es in the oxides.

(1) - (4)

Recently, sili.con gate MOS devices have been widel-y used in integrated circuits. However,

impuritles diffuse into the gate oxide frorn the doped polycrystal-line silicon layer and sometimes

penetrate through the oxide into the silicon substrate resulti-ng in instabilities and large thre-

shol-d voJ.tage shifts. From the point of view of the device fabrication, it is very imPortant to

know the amount and the penetration depth of the lmpurities in the oxide.

Thls paper describes the profiJ-es of the diffused impurities of boron and phosphorus in

SiO4/Si and pol-y Si/SiO"/Si structures obtained with Auger electron spectroscopy (AES). Thez-'z
impurity profiles in the oxide of StOr/Si structures were also measured by using an ion micro

analyzer (II"1A) for boron and radio tracer analysis for phosphorus to compare with the results

obtaLned by AES.

P-type wafers for phosphorus diffusion and n-type wafers for boron diffusion were oxidized

at l-l-00 "C and 1200 "C in dry oxygen ambient. For the pol-y Si/SiOZ/SL structures, a polycry-

stalline silicon layer of 3000 i in thickness \47as deposited foJ-l-owiog the oxidation. Boron or

phosphorus was diffused into the SiO2/Si and poJ-y Si/SiO2/Si structures with varying temperature

and time. BrIlU and BN were used as boron diffusion sources and POCI, as a phosphorus dlffusion

source. . Rightly after diffusion, the sampl-es for AES were cut from the wafers. The in-depth

profiles were obtained by repeating Auger measurement and Xe ion milling.

In Figure 1, a typical in-depth profil-e of boron taken by AES is shown. Boron was diffused

into a 850 i oxide at 1050 oC for 17.5 minutes with B,HU as a diffusion source. The oxide thick-

ness after diffusion ltras measured to be l-125 i,. A" shown in Figure 1, boron peaks at the Si-SiO2

interface and the concentration at the peak was calculated to be 8.5 * 1021 /"r3. Further experi-

ments showed that the peak height increases wi-th diffusion temperature and tj.me and a flow of

8,H,. The lower peak and the faster penetration were also observed with B.H. than with BN. Thiszo zo
'is: due to the enhanced diffusion in It, ambient. Figure 2 shows an in-depth proflle obtained

froru the same rrafer by Il4A. The results obtained with AES and IMA agree with each other very

wel1.

Figure 3 shows a typical- tn-depth profile of

970 :C for l-0 minutes. Nitrogen of 1.6 liters/rnin

20 oC. Simul-taneousJ-y, oxygen of 1 Liter/min and

phosphorus diffused into a l-000 A oxide at

was flowed through P0C13 which was kePt at

nitrogen of 2 liters/rnin were fl-owed into a

-7r-



phosphorus diffusion tube. The thickness of the oxide after diffusion r,ras measured to be 1300 A.

A strong fluctuation of the phosphorus concentration is seen in the figure. The same phenomenon

has been observed by other i.nvestigators. This fluctuation could be explai.ned by the phase

segregation and the formation of phosphorus compounds in the SiO2-Si 
"y"t.r(3)'

The concentration profile of boron in a poly Si/Sid2/Si structure is shown in Figure 4.

The diffusion was carried out at l-050 oC for 45 minutes. The thickness of the polycrystalline

silicon layer and the oxide were 3000 i and 1000 ;. respectively. BN was used as a boron source

with flows of nitrogen of 2 liters/min and oxygen of 8 cc/min. The boron diffusion resulted in

the growth of an oxide J-ayer of 900 i on ttr. pol-yerystalline silicon layer. The boron profile

in the oxide is very slmilar to the phosphorus concentration profile as shovm in Figure 3. The

concentration of boron is calculated to be 2.5 x 1021 /cr3 in the polycrystalline sil_icon layer.

This value is about 5 times larger than the solid soJ-ubility of boron in a singJ.e crystal silicon

substrate. As shown in Figure 4, boron accumulates at the poly Si-SiO, and Si-SiO2 boundaries.

More details will_ be given at the conference.
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